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a branch line connected to said economizer and extending into said compressor. 
water passing through said chiller in a heat exchange relationship and being cooled: 
said compressor being unloaded solely bv regulating the speed of said compressor, 
motp^mqa^ fty dflVWS said compressor 

pieans for v?rvfog tfre speed of said mptor means bv controllin g the frequency of electric 
current supplied to said motor: 

means for providing cooling to said means for varying the speed; 
means for sensing the temperature of water leaving said chiller 

means for controlling said means for varying the speed responsive to the sensed 
temperature of water leaving said chiller. 

24, (New) The refrigeration system of claim 23 wherein liquid refrigerant from said 
condenser is supplied bv said means for providing cooling to said means for varying the speed of 
said motor. 

25, (New) The refrigeration system of claim 23 wherein said means for varying the 
speed of said motor has a constant ontout over a range of freouencv and voltage inputs. 
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means for controlling said means for varying the speed responsive to the sensed 
temperature of water leaving said chiller. 

19. (New) The refrigeration system of claim 18 wherein liquid refrigerant from said 
condenser is supplied bv said means for providing cooling to said means for varying the speed of 
said motor. 

20. (New) The refriger ation system of claim 19 wherein liouid refrigerant used to 
provide cooling to said mea ns for varying the speed is at least partially evaporated and supp lied 
tQ$ai4<?friller. 

21. (New) The refriger ation system of claim 18 wherein said means for controlling 
said means for varying t he speed acts solely responsive to the sensed temperature of water 
leaving said chiller. 

22. (New) The refrige ration system of claim 18 wherein said means for varying the 
speed of said motor has a constant output over a range of frequency and voltage inp uts. 

23. (New) A refrigeration system having: 

a closed fluid circuit serially including a compressor, a discharge line/ a condense^ a first 
expansion device, an economi zer, a second expansion device, a chiller and a suction line leading 
back to said compressor. 

2 
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In the FIGURE, the numeral 10 generally designates a 
refrigeration system. Refrigeration system 10 has a screw 
compressor 12 which has on mechanical TflUv Htinfl struc- 
ture. Refrigeration system 10 includes a closed Enid circuit 
serially farfiidfog compm&sor 12, rhscbzrgB tin* 14, con- 
denser 16, fioe 15 conliuoing expansion device 20 and flush 
tank economizer 22. lbs 24 combining expansion device 26. 
chiller 26 and auction line 30. Line 32 branches from flash 
tank economizer 22 and provides fluid comnwoicaliOn with 
a trapped volume in compressor 12 at an intermediate 
pressure. 

Compressor 12 is driven by motor U under the control of 
variable speed drive 40 which is connected to the electrical 
power grid (not II rostra ted)w Variable speed drive 40 controls 



compressor 12. The remaining liquid refrigerant m econo- 
mizer 22 passes through expansion device 26 thereby under- 
going a pressure drop and partially flashing as it passes via 
line 24 into chiller 2&. Id chiller 23, tho remaining liquid 
refrigerant evaporates due to heat transfer to Ibc water 
passing through chiller 28 via Hne 29. The economizer flow 
into compressor 12 via line 32 increases the capacity of 
compressor in that it increases the mass of refrigerant gas 
being compressed. 

Microprocessor 100 receives a signal term thermal sensor 
50 indicative of the temperature of the water leaving chiller 
28 via lino 29 to provide cooling to one or more zones (not 
ftlustratcd). Responsive to the water temperature sensed by 
sensor 50, the microprocessor 100 sends a signal to variable 



the alternating frequency of the current suppHed to motor 11 l5 ^ 40 to caus6 j, to change the speed of motor 11 



thereby controlling the speed of motor U and the output of 
compressor 12. In chiller 25, water is chilled by refrigerant 
circulating In the dosed fluid circuit of refrigeration system 
10. The chilled water provides die cooling to the zones. The 



to increase or decrease the cooling capacity of compressor 
12, as required. Variable speed drive 40 increases or 
decreases the speed, and therefore the capacity, of compres- 
sor 12 by changing the frequency of the current supplied to 



temperature of the water leaving chiller 2$ via Hoc 29 is ^ pow(r motor ^ g y having a mutrx U operating at an 



sensed by thermal senior 50 and supplied to microprocessor 
100. Microprocessor 100 controls variable speed drive 40 
and thereby motor U and compressor 12 to maintain a 
desired water temperature for the water loaving chiller 28, 



optimum power ffidor the electrical usage and demand arc 
minimized and the size of the variable speed drive 40 
required is reduced. Additionally, a portion of the liquid 
refrigerant in condenser 15 is diverted via line 17 to the 



Microprocessor 100 can control variable speed drive 40 25 variable speed drive 40 whrre the electronic components are 



solely responsive to the temperature sensed by Ihernul 
sensor 50 or it may also receive zone inputs from the zones 
being cooled and regulate the rate of water circulation 
through the chiller 26, and thereby the amount of available 



cooled and the refrigerant evaporated. The evaporated 
refrigerant passes from variable speed drive 40 via Hne 41 to 
chiller 28. The rale of flow of refrigerant to variable speed 
drive 40 from condenser 16 is controlled by valve 42 



variable speed drive sensed by sensor 43. Because the 
variable speed drive 40 is coo led by the liquid refrigerant, a 
kuH smaller variable speed drive 40 can be used. 
Although a preferred embodiment of the present invention 



cooling, If desired, microproccssc/ 100 may also control 30 r^nsrvo to tho temperature of tho refrigerant leaving 
earpansion devices 20 and 26. - 

While refrigeration system 10, as described above, hait 
many features common with conventional refrigeration 

systems, there are a number of signiflc ant differences. Screw ^ 

compressor 12 is simpler than coovcntional refrigeration 35 has baTSn^ c*™ge* vSi occur 

comprcsBOfs in that U ha* no mechanical unloading alruc- ^ skilled in (be art For example, the economizar may 

lure. According the rotors only seal with each other and ^ orniUcd ^ ^ u^nois*. water flow rates, the 
the bores, Thero is no slide valve winch replaces portions of ^ ^ ^ bo to uc m jcTOpT0CCJWCT . 

the bores in the region of a cusp with (be attendant extra r ^ {ojc bteodcd ^ ^ rescol iQVCO iioo is to be 
rranufocturing oust* and potential ft* leakage between the 40 K ^ ^ h lhf of me apj>eaded daim& . 



slide valve and adjacent structure or any other mechanical 
unloading structure. *lhc output of compressor 12 in con- 
trolled through motor 11 whose speed is controlled by 
variable speed drive 40. The motor 11 fs matched to the 
variable speed drive 40 and compressor 12. There is an ideal 45 
compressor qieed for the design compressor output. So the 
motor is chosen to have efficient operation al the ideal 
compressor speed and to have an op rim i red power factor. On 
the input side of the variable speed drive, a near unity power 
factor reduces energy usage and the cost of the energy so 
because of the reduced energy demand at, or approaching, 
unity power factor. This is because the power factor of the 
variable speed drive, not the power factor Of the motor, is 
seen by the utility, since the variable speed drive isolates the 
motor from the utility, 55 

In the operation of refrigeration system 10, gaseous 
refrigerant is induced into compressor 12 via suction line 30 
and compressed with the resultant hot, high pressure refrig- 
erant gas being supplied via discharge Imc 14 to condenser 
16. In condenser 16, the gaseous refrigerant condenses as U so 
gives up heat due to neat transfer via air, water or brine* 
cooled heat exchangers (not illustrated). The condensed 
refrigerant passes from condenser 16 into line 1£ and 



What Is claimed is: 

1. A refrigeration system haviDg: 

a closed fluid circuit serially including a screw 
compressor, a discharge line, a condenser, an expansion 
device, a chiller and a suction line leading back to said 
compressor; 

water passing through said chiller in a beat exchange 

relationship and being cooled; 
auid compressor bang unloaded solely by regulating the 

speed of said compressor; 
motor means for driving said compressor; 
means fur varying tho speed of said motor meaos by 

controlling the frequency of electrical current supplied 

to said motor, 

means for providing cooling to said means for varying the 
speed; 

moans for sensing the temperature of water leaving said 
driller, 

means for controlling said means for varying the speed 
responsive to the soused temperature of water leaving 
said chiller. 

2. The refrigeration sy&tem of claim 1 wherein liquid 



serially passes through expansion device 20 into flash tank 

economizer 22, A portion of the refrigerant flowing into 65 refrigerant from said condenser is supplied by si id means 

economizer 22 is diverted into Hoc 32 at an intermediate ibr providing cooling to Said means for varying the speed of 

pressure and paAsca via line 32 to a trapped volume in Said motor. 
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X Tbe tefrigcjitioo system of claim 2 wherein ttqxdd selecting a variable speed drive for coo trolling said motor 

refrigerant used to provide cooling to said means fox varying by varying tb© frequency of electric power supplied to 

the speed is at least partially evaporated and supplied to said said motor such thai said variable speed drive operates 

chiller. at an input power (actor of at least 0.99 when driving 

4» The refrigeration system of claim 1 wbcrcin said means s aid motor to drive said compressor to deliver the 

Cor controlling said means for varying the speed acts solely design amount of refrigerant, 

responsive to the sensed temperature of water leaving said jq. u, 6 method of claim 9 wbereio tire step of selecting 

~. 8 compressor includes Ujo selection of a compressor wiioout 

5. Hie KihgeniboosystemoXcIaual wberemsard means mccham -cal unloadin £ structure, 

for varying tte speed of said motor bas a constant output io u ^ rc f^ion ^cm of claim 3 wherein said 

j T- ' . means Oar varying the speed of said motor means vanes tbe 

a closed fluid circuit serially including a screw &cqacjKJV ^ ^ Mid ^ ^ aQS 

compressor, a discharge hoe, ^ such that said moans for varying the speed of said motor 

a condenser, a first expansion donee «a economizer, a means operates at an ioputpower factor of at least 0.99 wben 

second expansion device, a chiller and a gucuoo line ^ motor mcanSi 

leading hack to said compressor, ^ ^ wfeigeratiim sys tcm of claim 4 wherrio said 

a branch line connected to said economizer and extending motor ^ a power factor of at least 0.89 and said 

into said compressor; means tor varying the speed of said motor mean* varies the 

water pissing through said chiller in a beat exchange frequency of electric power supplied to said motor means 

relationship and being cooled; such that said means for varying tbe speed of said motor 

said compressor being unloaded solely by regulating (be means operates at an input power factor of at least 0.99 when 

Kpzed at said compressor; driving said motor means, 

motor means for driving said compressor; 13. The refrigeration system of daim 5 wherein said 

means for varying the speed of said motor means by ***** mWuM h . M a P°werfactor of at least 0.89 and said 

controlling the frequency or electric carrent supplied to ?* m for the speed of said motor means vanes tbe 

said motor* frequency of electric power snpphed to said motor means 

. * . „ „ A , , , , : such that said racans for varying the speed of said motor 

mwnsfor prodding coohog to s*>d means Tor var/fog the M mCAnfi * au ^ power factor of at icasi 0.99 when 

sp 6 * 0 * driving said motor means, 

means for sensing the temperature of water leaving said 14, The refrigeration system of claim 7 wherein said 

chiller; motor means has a power factor of at least 0.89 and said 

means for contro lUng said means for varying the speed means for varying tbo speed of said motor means operates at 

responsive to the sonscd temperature of water leaving M an input power factor of at least 0.99 wben driving said 

said chiller. mntnr means. 

7. The refrigeration system of claim 6* wbcrcin liquid IS. The refrigeration system of claim 8 wherein said 
refrigerant from said condenser is supplied by said means motor means bas a power factor of at least 0.89 and said 
for providing cooling to said moans fior varying the speed of means for varying the speed of said motor moans operates at 
said raotot AO an input power factor of at least 0.99 when driving said 

8. The re fr igcration system of claim 6 wbcrcin said means motor means. 

for varying the speed of said motor has a constant output 16, The method of claim 10 further including the step of 

over a range of frequency and voltage inputs. selecting means for cooling said variable speed drive with 

9. A method for selecting the compressor, motor and refrigerant from said rcfrigorotion system. 

variable speed drive for refrigeration system comprising the 45 17. The method of claim 16 tirUier including the steps of: 

stops of: selecting means for sensing the temperature of water 

for a given design refrigeration requirement, selecting a leaving the chiller, and 

compressor having a design speed and being capable of selecting means for control hog the speed of said motor 

providing the necessary refrigerant delivery; responsive to the sensed temperature of Ibe water 

selecting a motor operating at the compressor design 50 leaving the chiller, 
speed with a power factor of at least 0*9 wben 

delivering tbe design amount of refrigerant; * * » ♦ ♦ 



PAGE 20/2O*RCVD AT 9/2/2004 2:15:54 PM [Eastern Daylight Time]' SVR:IISPT0-EFXRF-2I4 1 DNIS:7469615 » CS)D:12489888363* DURATION (mm-ss):08-20 



